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HCV-specific IgM responses during 
acute HCV infection 

• Delayed 

• Variable 

• Targets: core, E2, NS3, NS4A/B 

• May arise at nearly the same time as IgG 
responses 

– IgG avidity increases during persistent infection 

• No clear correlation with outcome of primary 
infection 



Transient IgM response during acute 
HCV infection in patient H 
(infected by transfusion, 1977) 
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Logvinoff et al, 2004 PNAS 



Variable patterns of HCV-specific IgM 
reactivity in acute infection 



IgM can overlap with IgG detection 
and may persist  



IgM-associated pathology in chronic HCV 
infection 

• Mixed cryoglobulinemia (MC)  
– IgM rheumatoid factor 
– Immune complex disease 
– Vasculitis 
– Neuropathy 
– Glomerulonephritis 
– Increased risk of B cell Non-Hodgkin lymphoma (NHL) 

 
• Almost all patients with symptomatic MC have HCV infection 

 
• MC may be a precursor of NHL 
• NHL often regresses with successful antiviral therapy 



Pathogenesis of MC and NHL in HCV 
infection: models 

BCR 

Co-receptor 
(CD19, CD81, CD21) 

Marukian et al 
Hepatology 2008 

Infection of  
B cells 
leading to  
altered  
function and  
proliferation? 

Chronic antigen  
stimulation? 
(What is the antigen?) 

In HCV patients with MC, activated B 
cells express a very limited set of 
antigen receptors 

Polyclonal stimulation? 

Charles et al 
Blood 2008 
Ni et al. 
J. Immunol. 2003 
 



G6 mAb* identifies clonally expanded B 
cells in HCV MC patients 

*G6 recognizes VH1-69 

G6 
Charles and Dustin, Kidney International 2009 
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lgM+K+ Memory B Cells From HCV+Mc+ Patients Bear Restricted Immunoglobulins 
Subject Status #Clones V H DH JH VD (P,N) Dl ( P, N) Heavy Chain CDR3 Sequence 

LDU 077 Healthy 

1/8 3-74*01 3-16*02 4*02 0 13 1,2 CVRASWYVDRWGQG 
1/ 8 1-46*01 3-16*02 4*02 1,6 1,3 CAREHGGGVDVWGQG 
1/8 3-15*07 IR1 *01R 2*01 0,30 1,0 CATGGRHSDVLLRGYFDLWGRG 
1/8 3-30*03 6-06*01 6*02 00 0,11 CAKVSSTSNVYVGMDVWGQG 
1/8 3-07*01 3-16*01 4*02 0,3 0 2 CASGLRVFDVWGQG 
1/8 3-74*01 7-27*01 3*02 0,24 0,18 CARARGWAVETGSSEMIWAFDIWGQG 
1/ 8 3-74 *01 1-20*01 4*02 0,14 1,4 CVKDVNWNAGDYWGQG 
1/8 4-04*02 4-17*01 4*02 0 3 00 CARGNGDYVFDYWGQG 

LDU 09 5 Healthy 1/ 2 s -a 3-10*01 4*02 1,4 0 10 CARHGYGSGSYVDYWGQG 
1/2 4-34 2-0*01R 6*02 0,34 0,0 CARVITRASPGTDGRTNMDVWGQG 

1446 . 
Hcv • Mc 

2/20 3-33*01 3-22*01 4*02 0,5 06 CAREEDYVDSRVSDVWGQG 
1/20 3-30*01 2-15*01 3*02 0 15 1 0 CARENPRMDIVVVVAATYAFDIWGQG 
1/20 3-48*02 1R*01R 4*03 0,4 1,14 CASWVGGAGGRNDVWGQG 
1/20 3-33*01 4-17*01 3*02 0,14 0,8 CARPRGGVTVTSRGDAFDIWGQG 
1/20 s-a*01 2-02*01 6*03 0 17 08 WARHGGKGQVVPAAIGNYVVYMDVWGKG 
1/20 4-b*01 6-19*01 4*02 0,6 0,14 CVRDSSGWVNGGSDVWGQG 
1/20 3-15*01 4-17*01 1*01 1,6 1,5 CTTETPTTVTTHRWGQG 
1/20 3-23*01 6-06*01 4*02 1 7 1 7 CAKDELHSSSSPGPFDYWGQG 
1/20 3· 33*01 4· 23*01 3*02 2,6 3,0 CARDPFSTVVTPDAFDIWGQG 
1/20 3-15*01 2-08*02 5*02 3,3 1,7 CTTDGPVVVAIRGGWFDPWGQG 
1/20 1-03*01 2-21 *02 4*02 2 7 2 1 CARGVIVCGGDCYSGDVWGQG 
1/20 3-23*01 2-15*01 6*02 0,2 011 CAKGGVAEGA YYVVGMDVWGQG 
1/20 3-15*01 1-07*01 4*02 4,5 2,2 CTTDLFLLELRCDVWGQG 
1/20 3-30*03 3-22*01 4*02 0 30 0 1 CAKGGDTAMVLSNYYDSSGVDYWGQG 
1/20 5-51 *01 3-10*01 4*02 0 10 0,21 CARRKSDYVGSGRAGFSDYWGQG 
1/20 4·34*01 3· 10*01 4*02 1,5 0,5 CARAPSITMVRGVINEFDYWGQG 
1/20 3-21 *01 4-17*01 4*02 0,5 0,3 CARDRPTVTTVFDVWGQG 
1/20 3-15*01 3-10*01 6*03 2,2 0,0 CTTDRYVGSGSVYVGMDVWGQG 
1/20 1· 03*01 6· 25*01 6*03 3,1 0,2 CARASGHYVYVMDVWGKG 
1/20 3-15*01 6-19*01 4*02 0,7 0,13 CTTVGVIAVAGGFRGDVWGQG 

773 Hcv• Mc• 

7/15 1 -69~01 6· 13*01 4*02 0,0 08 CAREGIAAAVNPFDVWGQG 
3/15 1-69~0 1 3-03*01 4*02 0,16 0,2 CARDVGERESGYVFYWGQG 
4/ 15 1-69*06 2-15*01 4*02 1 4 1,14 CAREGRSGNVNPVDVWGQG 
1/15 1-69*06 3-16*01 2*02 2,8 0,13 CAREGEAGGVGRNWAFDIWGQG 

140 3 HCV+Mc+ 

9/18 1-69"01 3-22*01R 4 *02 1,5 0,19 CARAVGNNPTEVYWVYWGQG 
5/ 18 1-18*01 2-15*01 6*02 09 0 34 CARDGAVCSGSSCRGNVYVYGLDVWGQG 
1/ 18 1-69W0 1 4-17*01 4• 02 1,2 2,9 CAREGVGDVGRPVDVWGQG 
1/18 3·20*01 1·26*01 6*02 2,1 0,0 CARAGGSYYYVYGMDVWGQG 
1/18 3-21 *01 3-22*01 4*02 3,11 1,6 CTRDGPYVDSSGFEVWGQG 
1/18 3-23*01 2-15*01 6*02 1 13 1 8 CAKTLRSNVVVVATTHYVGMDVWGQG 

130 8 HCV+Mc+ 15/ 15 3-7*01 1-26*02 3*02 0,0 0,12 CARDGDLGSGSRSMGAFDIWGQG 

1432 HCV+Mc+ 22/ 22 1-69*0 1 3-03*01 4 .. 02 0,16 0,2 CARDVGERESGYVFYWGQG 

17 16 HCV+Mc+ 16/ 20 1-69" 01 5-05*01 4•02 1,9 0,4 CAREGFPDTAMVNPFDVWGQG 



VH1-69 variable region is associated with broadly 
cross-neutralizing antibodies 

• HIV 
– C.-c. Huang et al., PNAS 2004 

• H1N1 influenza 
– J. Wrammert et al., J Exp Med 2011 

• Respiratory syncitial virus 
– J. V. Williams et al., Molecular Immunology 2009 

• HCV 
– Chan et al., Blood 2001 

– Keck et al., J Virol 2008 



Different HCV MC Patients Express Highly Similar Clonal 
IgVH 

FR: Framework Region                CDR: Complementary Determining Region 



Different HCV MC Patients Express Highly Similar Clonal 
IgV



Rheumatoid factor: a good antibody 
that took a wrong turn? 

Germline 
VH1-69+ B Cell 

Somatic  
hypermutation 

? Selection by HCV E2 

Anti-HCV B Cell 

RF B cell 
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